Introduction Prophylactic treatment of severe hemophilia A is burdensome, requiring frequent intravenous injections. Extended half-life (EHL) factor VIII replacement therapies offer longer intervals between infusions while still meeting efficacy and safety outcomes; however, patient perspectives following long-term use of such products in the real-world remain unknown. Objective We aimed to explore the importance of infusion frequency and the potential benefits of reduced infusion frequency among patients receiving prophylactic treatment with an EHL product (BAY 94-9027). Methods Patients with severe hemophilia A participating in the PROTECT VIII extension study were invited to participate in a semi-structured, concept elicitation 'exit' interview to discuss their experiences. Participants were recruited from Israel, The Netherlands, and the US. Interview transcripts were translated into English and analyzed using thematic analysis methods. Results Sixteen participants (29-68 years of age) infusing with BAY 94-9027 once every 7 days, once every 5 days, or twice weekly were interviewed. Participants reported infusion frequency (alongside efficacy) as the most important treatment attribute influencing their satisfaction with therapy. Patient-reported benefits of reduced infusion frequency and longer duration of factor coverage included greater ability to participate in physical activities; better vein health; less time to schedule and administer factor VIII; reduced impact on work; and improved emotional well-being. Conclusions This study provides rich insights into the experiences of patients with EHL products and the value of reduced infusion frequency. Such data could be of value to a range of stakeholders (e.g. regulators, payers) and facilitate patient-clinician discussions to promote tailored treatment decisions.
Introduction
Hemophilia A is a hereditary bleeding disorder characterized by repeated and prolonged bleeds into muscles and joints that result in pain, limitations to physical functioning, and impacts on wider health-related quality of life (HRQoL) [1, 2] . Caused by missing or defective clotting protein called factor VIII (FVIII), current treatment for hemophilia A focuses on ensuring adequate levels of FVIII in blood plasma introduced via intravenous infusion. Prophylactic treatment of people with severe hemophilia A with FVIII therapies has been shown to reduce bleeding and improve joint outcomes when compared with on-demand treatment [3, 4] . However, despite the benefit of prophylaxis, adherence to such regimens is suboptimal in a considerable proportion of patients, increasing the likelihood of life-threatening and debilitating bleeds [5, 6] . Due to the pharmacokinetic profiles of standard FVIII therapies (notably elimination half-life), prophylactic regimens are burdensome to patients, requiring intravenous injections three to four times per week. Issues related to venous access, time to prepare and administer treatment, and lifestyle factors can contribute to treatment burden and may impact adherence [1, 5] .
In the continued development of FVIII therapies, extended half-life (EHL) products have emerged, promising longer intervals between prophylactic infusions [7] [8] [9] while still meeting efficacy and safety outcomes [10] [11] [12] . Such therapies present the possibility of tailoring regimens to individual needs, potentially improving adherence, clinical outcomes and HRQoL among patients [13] . BAY 94-9027 (a site-specific PEGylated recombinant FVIII) is one such therapy that has demonstrated an extended half-life versus standard-acting FVIII products in phase I and phase II/III (PROTECT VIII) studies [10, 14] . Understanding the patient perspective of such products is critical for evaluating the value of EHL products but, at present, direct patient experiences and perspectives following long-term use of such products in the real-world remain unknown.
Regulatory and research communities have endorsed qualitative 'exit' interviews as a means of promoting patient-centric evaluation of treatment benefit [15] . Data from such interviews can be used to supplement data collected via standardized patient-reported outcome (PRO) measures implemented in clinical studies. Exit interviews are considered particularly valuable in the case of novel therapies where treatment effects may not be known or not assessed by existing PRO measures, and rare diseases where small sample sizes may limit the sensitivity of PRO measures and opportunities to capture statistically significant and clinically meaningful changes.
The aim of the present study was to explore the importance of infusion frequency and to obtain direct feedback regarding the potential benefits of reduced infusion frequency among patients receiving treatment with an EHL product (BAY 94-9027).
Materials and Methods

Recruitment
PROTECT VIII was a phase II/III, multicenter, partially randomized, open-label, 36-week trial designed to assess the safety and efficacy of BAY 94-9027 for on-demand treatment and prophylaxis at various dosing frequencies in patients with severe hemophilia A with no history of inhibitors (ClinicalTrials.gov identifier: NCT01580293). Adult patients aged at least 18 years who were currently participating, or had recently (within the past 3 months) participated, in the optional extension phase of the PROTECT VIII study (i.e. had agreed to continue treatment with BAY 94-9027 for at least 100 total exposure days) were invited to take part in this interview study. Patients receiving regular prophylactic treatment with BAY 94-9027 once every 7 days (E7D), once every 5 days (E5D), or twice per week (2 × W) were eligible for participation.
Patients were recruited from clinical trial sites in Israel, The Netherlands and the US. Patients in Israel and The Netherlands were approached directly by their clinician, while patients in the US were mailed an invitation letter by post via their clinical site. All patients were provided with written information about the study and written informed consent was obtained.
Interview Procedure
Semi-structured concept elicitation (CE) interviews lasting approximately 30 min were conducted via telephone by trained qualitative researchers in the local language. The content of the interview guide was informed by existing qualitative literature and was translated from English into the local language (where applicable).
Initial discussions with participants were broad and open-ended to establish rapport and facilitate spontaneous elicitation of concepts relevant to their experience of treatment for hemophilia A ("Talk me through a typical week using your current treatment"). Probing questions were then used to gather information on specific topics of interest once every opportunity for spontaneous elicitation had been provided ("How easy or difficult is it to administer your current treatment?"). Questions were designed to provide insight into participants' evaluation of prior and current treatments for hemophilia (i.e. factors influencing participants' satisfaction with therapy), with targeted questions asked to explore participant perspectives regarding infusion frequency and factor coverage, along with impacts on various aspects of their HRQoL.
Participants were compensated for the time taken to complete the interview. All interviews were audiorecorded, transcribed verbatim and anonymized.
Analysis
Interview transcripts were imported into Atlas.Ti [16] , a software package used to facilitate the storage, coding, and analysis of qualitative data. The thematic analysis process involved creating and assigning data-driven codes related to the research aim. Each transcript was coded individually. As new codes emerged, transcripts were reread and analyzed to ensure all codes were consistently applied (conducted by both JW and TT). These codes were grouped according to underlying themes [17] .
Conceptual/thematic saturation (i.e. the point at which no new codes or themes emerge with the collection of more data) was assessed by dividing transcripts into three approximately equal groups (based on chronological order of interview conduct) and comparing concepts elicited using a stepwise approach [18, 19] . Saturation was judged to be achieved if no new relevant concepts emerged in the final group of interviews.
Ethical Considerations
This interview study was conducted independent of the PROTECT VIII study procedures. The study was conducted in accordance with the Declaration of Helsinki, and was approved by Copernicus Group, a centralized Institutional Review Board (IRB) in the US (IRB number: ADE1-16-492). Local ethics approval was obtained from each of the respective sites in Israel and The Netherlands.
Results
Sample Characteristics
Sixteen males with hemophilia A from Israel (n = 9), The Netherlands (n = 5), and the US (n = 2) were interviewed. The majority of participants were on an infusion schedule of once E5D (n = 11), while the remaining were on a schedule of once E7D (n = 3) and 2 × W (n = 2) at the time of the interview (or at end of their participation in the PROTECT VIII extension study). Participant demographic and clinical characteristics collected at screening prior to interview are provided in Table 1 .
Factor VIII Attributes Influencing Treatment Satisfaction
Throughout the course of the interviews, all participants discussed various FVIII replacement therapy attributes (not specifically in relation to BAY 94-9027) and the influence of these attributes on their satisfaction with therapy. Attributes identified by participants are outlined in Fig. 1 . Treatment efficacy and frequency of infusion (also encompassing duration of FVIII coverage) were the treatment attributes most commonly (and almost universally) reported by participants (n = 15/16).
Of those participants reporting infusion frequency, 12 reported infusion frequency to be among the most important aspects of a treatment for hemophilia A:
Q: "What are the most important things to you in a treatment for hemophilia?" "Less impact on my body is nice. So, the frequency helps out, I only have to stick once a week." (02-USA-BAY94-E7D) "The coagulation stayed in the body for a long time, and that was the most important, that you after a certain time still have enough coagulation in your blood." (04-NL-BAY94-E7D)
Other attributes reported by participants included safety (including risk of adverse effects; n = 6), mode of administration (n = 6), convenience of preparation (n = 4), and quantity of product needed (n = 2).
Participant Perspectives on Extended Half-Life and Reduced Infusion Frequency BAY 94-9027
Reflecting specifically on experiences of BAY 94-9027, the majority of participants (n = 14) highlighted the length of time that BAY 94-9027 lasts in the body as being superior compared with other factor replacement therapies. All but one patient (n = 15) explained that because of how much longer the factor lasts in their body, they were required to infuse BAY 94-9027 less frequently than other factor replacement therapies:
"I would inject myself, but the [other] factor was not as efficient as the one I take today. I still had bleeds. It doesn't stay in the body properly." (06-ISRL-BAY94-E7D) "It lasts longer in the body. It's safer -better than the old factor and more effective from the perspective of preventing bleeds." (05-ISRL-BAY94-E5D)
Nine participants commented that the factor level is better maintained in the blood over the week when compared with other factor treatments due to the longer half-life of BAY 94-9027: "I don't have the distraction as much that I used to. Especially, you know, if you have one time a week where you, you feel a little low on your factor level versus two or three times a week, definitely less of a distraction." (02-USA-BAY94-E7D) "The previous one was a maximum of 48 h. This one is good for 5-7 days. You feel that you are still in relatively good shape even if you don't inject on the fifth day." (04-ISRL-BAY94-E5D) Despite the reduced frequency of infusions, the majority of participants (n = 14) reported bleeding less frequently while taking BAY 94-9027 than when taking other therapies. The remaining two participants-both with an infusion schedule of every 7 days-indicated that they experienced no change in the frequency of bleeds experienced.
Participant Feedback on the Impact of Infusion
Frequency on the Management of Hemophilia
Physical Activities
All participants discussed their ability to participate in daily and physical activities while taking BAY 94-9027, and how this compared with other therapies they have used in the past. Nine participants reported what they considered to be improvements in terms of being more active/less restricted in their general physical activity (n = 5), walking/hiking (n = 4), swimming (n = 1), taking stairs (n = 1), playing golf (n = 1), and going to the gym (n = 1). While all acknowledged that they still have restrictions and limitations due to the long-term consequences of their condition (e.g. joint damage from prior bleeds), participants reported that they were more able to participate in activities because they were less worried or fearful of developing bleeds or severe bleeds due to physical activity (n = 3). Two participants reported feeling as though the factor would last in the body, which gave them confidence to engage in physical activities:
"Listen, I walk. I go down stairs. I'm not afraid of having a bleed. The factor lasts in my body." (06-ISRL-BAY94-E7D) "I find that I have more time as I'm not thinking about, boy I've got to slow down now because I might be getting a bleed" (01-USA-BAY94-E5D)
Participants who reported no change in their ability or willingness to participate in physical activities (n = 7) reported that this was largely due to existing damage, or restrictions they place on their engagement with certain abilities due to their hemophilia (independent of treatment):
"Not every physical activity is suitable for me in my medical condition. I don't take risks." (05-ISRL-BAY94-E5D)
Vein and Infusion Site Health
The majority of participants (n = 12) commented on the physical impact of intravenous delivery of FVIII, describing damage to and/or difficulties with veins, including scarring and/or wear to the skin on the arms and to the veins (n = 8), difficulties finding a vein (n = 4), needing to heal after each injection (n = 3), and swelling at the site of each injection (n = 1).
Ten participants highlighted the benefit of fewer infusions on vein health, describing that fewer infusions minimized the acute and cumulative long-term damage to the vein and injection site. Three participants added that longer intervals between infusions meant their veins were better able to heal and recover between infusions: "In the past they used to hurt more. When I was injecting more frequently. Today I don't feel the pain. They have enough time to heal. I also inject in a different place each time, so there is enough time for them to heal, to recover." (07-ISRL-BAY94-E5D)
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Scheduling and Time to Administer
Of the eight participants who commented on the scheduling and time taken to administer treatment, the majority (n = 5) described how infusing treatment was a normal part of their routine, and/or it is not a problem to schedule or find the time to administer treatment (even if it may be time-consuming):
"You have to free up time for it three times a week. It is time-consuming… Yes, well there was always some time for it. That was no problem." (04-NL-BAY94-E7D)
Two participants discussed how finding the time to infuse can be problematic:
"Being out-of-town trying to bring everything with you, and find some time to do it, especially when there were a handful of us guys sharing a -sharing a house, it was annoying." (02-USA-BAY94-E7D) Despite this, 9 of the 13 participants who compared scheduling and time to administer BAY 94-9027 with existing therapies reported a benefit, describing how it is easier to incorporate infusions into their routine (n = 6) and/or that they spent less time in the week preparing and administering infusions (n = 6) due to the need for less frequent infusions: "You know, it is nicer -you don't have to think about it as much. Just once a week. So, I mean it definitely gave me a little bit more time to stay in my routine and get things done…Being able to do more things. I, I don't have to fit that timeframe into infuse again." (02-USA-BAY94-E7D) Four participants, while acknowledging that they spent less time administering BAY 94-9027, did not perceive this to be a benefit as they did not consider the scheduling and time needed to administer other therapies to be an issue: "Well it is once now and then it was three times, it saves you half an hour. Well for me it was no problem to administer three times." (03-NL-BAY94-E5D)
Work
Minimizing the impact on work was reported as a benefit of BAY 94-9027 by 6 of the 12 participants who discussed the concept, in terms of greater confidence at work (n = 2), fewer/no absences from work (n = 2), and greater productivity (n = 2): "I'm going to the gym almost every day. I don't miss work. So yes, I'm dealing much better." (09-ISRL-BAY94-E5D)
Emotional Well-Being
Four participants discussed the emotional impact in relation to the frequency and duration of coverage of typical treatments. Two of these participants described experiencing anxiety and low confidence due to the duration of treatment effect:
"I had a lot of anxiety…You're taking something that will not last long in your body. 72 h is not a long time. And even during those 72 h it's not maintaining the same level, it's declining." (05-ISRL-BAY94-E5D) A further two participants described that they experience psychological strain/burden that stems from the necessity of having to inject on a frequent basis:
"That had to do with the fact that the multiple times of injecting a week opposed me. That was more of a psychological barrier. It does not really hurt or so, but it's more about that it becomes a must." (05-NL-BAY94-E5D) Most participants (n = 12) highlighted a positive change in their emotional and psychological well-being following treatment with BAY 94-9027 compared with other therapies. Participants reported that they felt more confident (n = 7), felt less worried (n = 4), did not need to think about hemophilia and/or treatment (n = 4), had peace of mind/felt more peaceful (n = 4), felt less fearful (n = 2), felt better psychologically (n = 2), felt safer (n = 2), felt less annoyed (n = 1), and felt calmer (n = 1). Participants attributed these positive changes to the factor lasting longer in their body and the coverage provided by the product: "I am less fearful. Since the drug is in my body for longer, I don't worry so much about when I last injected or how much. So I worry less." (07-ISRL-BAY94-E5D) "I was taking one-third less injections and I felt safer that I was covered. The period of the study was better for me, psychologically speaking. One-third fewer injections is significant." (01-ISRL-OT-2xW)
Adherence
Six participants discussed adjusting the prophylactic infusion schedule of other therapies. Reasons cited for non-adherence to these schedules were both unintentional [i.e. participants forgetting (n = 2) or not being supplied with sufficient quantity of factor (n = 1)], and intentional [i.e. participants seeking to avoid infusions (n = 2) and not making the time to infuse during their day (n = 1)]:
"You maybe postpone it because you are not looking forward to it. It has a little bit of a mental strain. Ok, yeah. Did you do it on a fixed time or? Well you try to do it on a fixed time, but if you do it Monday evening then you don't have a fixed time, so you keep on putting back the time because you are not looking forward to it." (04-NL-BAY94-E7D)
One patient described how he was not able to remain adherent to a more frequent administration schedule associated with other treatments but is able to adhere to the less frequent administration schedule of BAY 94-9027:
"Multiple times of injecting a week opposed me. That was more of a psychological barrier. It does not really hurt or so, but it's more about that it becomes a must. And if I compare with what it's like now, I inject two times a week now, I can bear it to inject two times a week. Because that is not too often and it is a big advantage for me. Before I used the current treatment, I had bleedings regularly. And now when I use this, like I said, I have those two, three, four times a year so at most. That is a big improvement for me." (05-NL-BAY94-E5D)
Conceptual Saturation
Analysis of conceptual saturation showed that saturation was achieved with no new concepts relevant to the research question emerging spontaneously in the final set of patient interviews.
Discussion
Shared decision making between patients and clinicians when selecting the most appropriate therapy for treatment of hemophilia has been a focus of recent research literature [5, 20] . It is therefore increasingly important to understand patient experiences and preferences for treatments, particularly those aspects of treatment that patients consider to be most impactful to their daily lives and HRQoL.
Recent studies utilizing stated-preference and discretechoice research methodologies have highlighted that, alongside efficacy in terms of preventing bleeds, infusion frequency is one of the most important drivers of treatment satisfaction and determinants of treatment preferences among patients with hemophilia A [21] [22] [23] . Implementing a novel approach to the exploration of experiences of patients receiving an investigational drug as part of a clinical trial (as opposed to preferences based on hypothetical treatments), findings from the present study serve to further highlight the value of treatments with reduced infusion frequency to patients with hemophilia.
Qualitative feedback among PROTECT VIII participants interviewed as part of this study highlighted that the longer duration of factor coverage and less frequent administration of BAY 94-9027, compared with conventional FVIII replacement therapies, was associated with numerous benefits, including greater ability to participate in physical activities; better vein health; less time to schedule and administer FVIII; reduced impact on work; and improved emotional well-being. The confidence and ability that longer-acting FVIII products afford patients to participate in physical activities are notably important, with recent research indicating that daily activity is important for people with hemophilia of all ages, and almost all people with hemophilia wish they could be more active relative to their current activity levels [24] .
When considering the findings from this study, it is necessary to acknowledge a number of limitations. First, as a study conducted independent of the PROTECT VIII study protocol, participation in this qualitative research study (by both study sites and individual participants) was voluntary. With no guarantees regarding patient participation and the investment associated with study set-up and initiation (including ethical approval and translation of study materials), those countries with the greatest proportion of eligible patients were targeted for recruitment (i.e. US, The Netherlands, and Israel). As a consequence, the resulting sample for this study is reasonably small and is limited in terms of ethnic and geographic diversity. Nonetheless, the sample size is consistent with that of other similar qualitative research studies among hemophilia patients [25] [26] [27] . Furthermore, conceptual saturation was achieved, indicating that concepts elicited by participants had been fully explored during the interviews and providing assurances that the sample size was sufficient to address the research objectives.
It is also necessary to consider the context in which this research was conducted (i.e. an open-label clinical trial). As an open-label trial, participants were aware of their treatment assignment. While this more closely resembles management of hemophilia in the real-world, participants had still been enrolled in a clinical study for an investigational product and it is possible that aspects of the trial (e.g. selection of participants, trial procedures) could have introduced biases that would not otherwise be present for marketed therapies. Future research looking to characterize the patient experience of marketed EHL products in a real-world setting would therefore further validate and add to current findings.
Participants in the current study were on a range of administration schedules, including 2 × W, E5D and E7D. Although participants in the PROTECT VIII study were evenly assigned to E5D and E7D treatment arms at randomization (n = 43), that a greater proportion of participants in this study were receiving BAY 94-9027 E5D is consistent with the PROTECT VIII study extension phase whereby a proportion of participants in the E7D arm had transitioned to the E5D arm [28] . In addition, dosages and frequency of infusion could be adapted at any time during the extension at the discretion of the investigator.
The intent of the current study was not to compare and contrast the experiences of participants on each of these administration schedules, as adequate dosing for any individual patient is based on a combination of pharmacokinetics and bleeding phenotype. Furthermore, 2 × W, E5D, and E7D all represent extended dosing schedules compared with traditional non-EHL products. For this study, in order to compare participants' experiences of BAY 94-9027 compared with traditional non-EHL products, participants were asked to recall their experience prior to enrolment into PROTECT VIII. In most cases, participants had been taking BAY 94-9027 for several years at the time of the interview and, while feedback appeared to be clear and consistent, this time delay may be a source of recall error among participants. Those considering conducting trial exit interviews are recommended to embed these as a trial activity. This would likely enable higher participation rates, alleviating some of the limitations of this study while also providing the opportunity to collect patient experience data at multiple time points throughout the clinical trial (e.g. prior to randomization, following completion of the experimental phase, and during the extension study) and minimizing recall error.
Finally, understanding of the patient perspective is vitally important for facilitating decisions regarding regulatory approval, access, and clinical prescribing. However, EHL regimens may also have implications for other stakeholders, such as caregivers and adolescent/pediatric patients, as well as treating clinicians, whose perspectives and experiences it would be valuable to explore in the future [29] .
Conclusions
In recent years, there has been increasing recognition of the value of patient perspectives for informing treatment decisions. This study provides unique insights into patient experiences regarding tailored FVIII regimens using an EHL product (BAY 94-9027). Findings indicate that infusion frequency and the duration of factor coverage are important drivers of treatment satisfaction and HRQoL among patients with hemophilia A. Patients reported that such therapies enabled and encouraged them to lead more active lives, an important consideration in a condition characterized by physical disability and limitations. Such methods (i.e. 'exit interviews') may be adopted in similar rare conditions to further understand risk-benefit of novel therapies from the patient perspective.
